This paper is the first study to examine the effectiveness of the Shanghai Fuel Oil Futures Contract (SHF) in risk reduction on the Chinese energy oil market. We find that the SHF contract can help investors reduce risk by approximately 45%, lower than empirical evidence in developed markets, when weekly data are applied. In contrast, when using daily data SHF contract can only help reduce risk by approximately 9%. The Tokyo Oil Futures Contract (TKF), however, performs two times better, reducing risk by around 17%. The empirical results are robust when variance complicated bivariate GARCH (BGARCH) and bivariate distributions are used. Our results imply the energy oil futures market in China is not well-established and further policy is needed to improve market efficiency.
Introduction
As the cash oil prices continue soaring and fluctuating, hedging price risks in the energy commodity market are popular among both practitioners and academics. Oil futures contract is the most widely used instrument, through which investors can hedge risks by taking an opposite position in the futures market.
This paper provides evidence on how to hedge risks on the Chinese energy oil market. The principal purpose is to investigate the optimal hedging strategies for investors. China is the world's second largest energy oil importer, which makes it vulnerable to international energy market shocks. Thus, diversification risk exposures are essentially important to market practitioners.
There are many studies on optimal hedging strategies in empirical finance literature which try to provide the most accurate optimal hedging ratio (OHR, hereafter). Conventional studies estimate this by performing an ordinary least square (OLS) regression of the spot returns on the futures returns to obtain a constant OHR. However, the OLS regression misspecified the model because (i) the changes in the spot and futures price are not independent and correlated, (ii) the unconditional distributions of spot and futures prices and returns are found to be asymmetric or skewed and fat-tailed, and (iii) it is now well recognized, however, that the spot and futures prices are cointegrated.
Recent work attempts to address the problems by utilizing various types of bivariate generalized autoregressive conditional heteroskedasticity models (BGARCH) to compute time-varying OHR.
Under the convenient assumptions that the conditional density of the price changes is bivariate normal and the conditional variances follow a GARCH (1, 1) process, the so-called constant conditional correlation bivariate generalized autoregressive conditional heteroskedasticity (CCC-BGARCH) model is very simple to compute. A considerable amount of research uses this model to estimate time-varying hedge ratios and achieves high variance reductions as opposed to the use of the OLS hedge ratios (see, e.g., Baillie and Myers (1991) , Kroner and Sultan (1993) , Chakraborty and Barkoulas (1999) , Tse and Tsui (2002) ). However, the correlations and volatilities are changeable over time, this means the OHR needs adjustment to account for the most recent information; however, this violates the constant conditional correlation assumption of the CCC-BGARCH model. Several other types of BGARCH models are recommended to capture the time-varying feature in conditional correlations of spot and futures prices (see e.g., Engle and Kroner (1995) , Engle (2002) ). However, recent studies report that incorporating timevarying conditional cannot necessarily ensure better hedging performance.
In this paper, the OHR is based on both the CCC-BGARCH and dynamic conditional correlation bivariate generalized autoregressive conditional heteroskedasticity (DCC-BGARCH) models.
Although the framework is standard, to the best of our knowledge, its application is unique to China's energy futures market. The results are singular in several aspects.
The rest of the paper follows the following format: the econometrics model is defined and data are described in section2, section 3 contains the main results and section 4 concludes the paper.
Econometric Methodology and Data
Assume the investor has a fixed long position of one unit in the spot market and a short position In order to deal with potential skewness in the spot and futures returns in the process of estimation, we introduce a more flexible bivariate skewed-t distribution proposed by Bauwens and Laurent (2005) . It is defined as Table 1 reports summary statistics for the in-sample spot and futures returns of the spot and futures return series. The heteroskedastic and autocorrelation consistent standard errors for the mean, the standard deviation, the skewness, the excess kurtosis are also reported. They are computed in the same way as West and Cho (1995) . The results in Table 1 show that the means of all spot and futures returns are very close to zero. For the Shanghai Futures Market, the standard deviation of the futures returns is larger than that of the spot returns. This is consistent with the conclusions in the well-established literature that the futures market is more volatile than the spot market (Chan, Chan, and Karolyi (1991) , Sharown and Gregary (1995) , Faff and Mckenzie (2002) , Ellueca and Lafuente (2003)). In addition, the results indicate that all returns exhibit a certain degree of skewness. In addition, the values in the column of excess kurtosis suggest that all returns have positive excess kurtosis (or leptokurtic). All the Jarque-Bera test statistics strongly reject the null hypothesis that the return series are normally distributed. The
Ljung-Box test statistics at lags 20, (20)
Q show significant evidence of autocorrelation for the series. Furthermore, the non-normal distributional properties of the return series provide support for basing estimation and inference on more suitable distributions, like conditional symmetric t and skewed t distribution, than multivariate normal distribution to avoid misspecification.
[Insert Table 2 Here] Table 3 Here]
Empirical Results

[Insert
In this section, the in-sample estimation and out-of-sample forecasting results of the CCC-GARCH models are reported. In addition, a check is done for the robustness of the results by changing model specification, data frequency, as well as futures contracts. The in-sample estimation results for the SHF and TKF are reported in Table 3 however, the CCC-BGARCH with bivariate student t models are the best.
Hedging Performance of the Daily Shanghai Fuel Oil Contracts
In order to evaluate the hedging performance of various hedging strategies, we construct a hedged portfolio based on the two types of OHRs estimated under various distributions. The hedged portfolio at time t is defined in equation (1) Panel B presents the results for the out-of-sample hedging performance in terms of variance reduction for the SHF contracts. Among the three distribution specifications, the CCC-BGARCH models with multivariate skewed-t distribution produce the largest variance reduction, while the model with normal has the lowest. All the three CCC-BGARCH models outperform the OLS and naïve strategies.
In general, the OHR under the CCC-BGARCH models outperforms the OLS and naïve strategy in any cases. However, the magnitude of risk reductions of the models is very small, ranging from 5.6% to 8.7%; i.e., the models perform poorly. This can be attributed to numerous factors, for instance, data frequency, model misspecifications and so on. In the following subsections, we will try to analyze possible factors.
Time-varying Conditional Correlations
The correlations and volatilities are changeable over time, which means the OHR should be adjusted to account for the most recent information. The CCC-BGARCH model, however, assumes the constant conditional correlation between spot and futures return. This is a possible factor resulting in the poor performance of the CCC-BGARCH models. To capture the timevarying feature in conditional correlations of spot and futures prices, we improves on the simple version of Engle's (2002) dynamic conditional correlation (DCC)-BGARCH model, which proves to outperform other peer models in estimating the dynamic OHR.
The DCC-BGARCH model differs from Bollerslev's CCC-GARCH model in the structure of conditional variance matrix t H and is formulated as the following specification: (14) and (15). Q is the unconditional covariance matrix of t u .
[Insert Table 5 Here] Table 5 shows the results for the DCC-BGARCH models. For the in-sample estimation, the DCC-BGARCH with skewed-t distribution produces the largest variance reduction. The DCC-BGARCH with student t distribution performs the best in terms of variance reduction for the outof-sample forecasting. All the DCC-BGARCH models perform better than the OLS and naïve strategies.
When compare the hedging performance between the CCC-BGARCH and DCC-BGARCH models, we can see that, the CCC-BGARH models perform better for in-sample estimation, while the DCC-BGARCH is better for out-of-sample forecasting.
Cross-hedging with the TKF Contract
The out-of-sample hedging performance of the DCC-BGARCH models is not sufficient, although the in-sample performance is better than the CCC-BGARCH models, around 10% to12.4%. Thus, both the results in subsection 3.1 and 3.2 imply that the SHF contract, at least in daily data, cannot provide satisfactory protection to risk exposure. In this subsection, we propose another futures contract, the TKF contract, which can provide better hedge against variance risk.
The results are presented in Table 6 . Panel A and B display the results for CCC-BGARCH and DCC-BGARCH models, respectively.
[Insert Table 6 Here]
For the in-sample estimation, all the BGARCH specifications using the TKF contract produce higher variance reductions than those using the SHF contract. To be specific, the CCC-BGARCH models using the TKF data can achieve variance reduction by 17% to 18%, while those using the SHF are only around 5.6% to 8.7%. Similarly, the DCC-BGARCH models using the TKF data produce variance reduction by around 10.6% to 17.7%, compared with 10% to 12.4% when using the SHF contract. In conclusion, the daily TKF contract is more favorable in terms of risk reduction in comparison to the domestic SHF contract. We also run the model using other futures contracts, for example, WTI from NYEMEX, and heating and crude oil contracts from India futures exchange; unfortunately, expected results were not obtained, and results are provided upon request.
Hedging with Weekly Data
[Insert Table 7 Here]
Estimating hedging performance using daily data is fairly adopted for speculators in futures market; however, it is too frequent for measuring behaviors of hedgers, such as commodity Table 7 . Panel A reports results for the SHF contract and Panel B for the TKF. For both the in-sample estimation and out-of-sample forecasting, all the BGARCH models produce higher variance reduction than the OLS and naïve strategies. The SHF contract reduces risk in terms of out-of-sample variance reduction by around 40% to 49%, and the TKF contract reduces risk by around 36%. In general, the SHF performs better in variance reduction than the TKF contract for the weekly data. However, the magnitude of variance reduction is still less than empirical results for developed countries.
Conclusions
Hedging using futures contract is a popular short-term risk-minimizing strategy for investors.
Successful hedging strategy gives investors protection against currency exchange rate changes.
In this paper, the authors examine the hedging performances of the domestic SHF and the TKF futures contracts. The results reveal the SHF contract provides little risk reduction in daily hedging, while the TKF provides two-times higher risk reduction. Both contracts provide better hedging performance when weekly data are applied.
The OHRs are estimated with the CCC-BGARCH and DCC-BGARCH models. To capture the fat-tails and asymmetry properties of the spot and futures return and avoid misspecification of the models, we estimate the BGARCH model with flexible distributions such as bivariate symmetric student-t and bivariate skewedt density functions. The use of asymmetry distributions improves the goodness-of-fit. However, it also confirms additional evidence that there is no guarantee the models of the goodness-of-fit have higher variance reduction and lower variances in returns. In addition, the results show that simple OLS hedge ratios fail to outperform the complicated BGARCH models in terms of variance reduction. This contradicts many previous studies on developed futures markets (Collins, (2000) ; Lien, (2002 Lien, ( , 2009 
